We have developed a technique for the rapid cloning of unknown flanking regions of transgenic DNA. We complemented a truncated kanamycin resistance gene of a bacterial plasmid with a neomycin resistance gene fragment from a gene transfer vector. Optimized transformation conditions allowed us to directly select for kanamycin-resistant bacteria. We cloned numerous proviral flanking fragments from growth factorindependent cell mutants that were obtained after infection with a replication incompetent retroviral vector and identified integrations into the cyclin D2 and several unknown genomic sequences. We anticipate that our method could be adapted to various vector systems that are used to tag and identify genes and to map genomes.
Genome mapping, gene identification and delineation of gene functions are of major interest in molecular genetics. Transposons and other replicons are often used to target genes of prokaryotes and lower eukaryotes, to modify their expression and to analyze their functions. Advances in the design of vectors used for gene targeting and insertion mutagenesis (1) (2) (3) (4) (5) suggest that genes of diploid mammalian cells can, in principle, be analyzed alike. However, to identify and clone mutated genes may involve work-intensive phage λ cloning techniques with or without selection for supF or polymerase chain reaction (PCR) techniques, which yield short genomic fragments often containing repetitive sequences that may hinder any further analysis (2, 3) . These problems, and our own unpublished observations that bacterial origins of replication or even bacterial ribosomal binding sites within retroviral vectors may decrease gene transfer efficiencies, led us to devise the gene complementation strategy for the cloning of 3′ flanking regions that is depicted in Figure 1A .
We used the neomycin resistance gene (neo R ) that is a common and stringent selection marker for mammalian cells (6, 7) and confers kanamycin resistance (kan R ) to bacteria. We inserted its 5′ end into pUC18 creating p408 using conventional cloning techniques (5, 8) . Genomic DNA from growth factor-independent TF-1 cell mutants (4) containing the neo R was cut with NcoI and ligated into the vector to create complete, highly expressed kan R genes. We routinely used 10 µg genomic and equal amounts of vector DNA. The ligation mixtures were deproteinized with proteinase K, phenol extracted and dialyzed against 10% glycerol. Aliquots of 0.5-1 µg DNA were electroporated (9) at 12.5 kV/cm and 200 µF into DH10B bacteria (10, ElectroMax, Gibco BRL). The bacteria were recovered in SOC medium, incubated at 37_C for 1 h without selection, for an additional 2 h in the presence of 25 µg/ml kanamycin and 50 µg/ml ampicillin, and were plated onto LB with the same amount of antibiotics. Transformation efficiencies of 1-4 × 10 7 amp R clones/µg vector DNA were obtained, and 1 out of 2 × 10 6 recombinant plasmids contained a regenerated kanamycin resistance gene.
We cloned proviral flanking fragments from human hematopoietic progenitor TF-1 cells (11), which were infected with a replication incompetent retroviral vector and selected for growth factor-independence (4). They contained intact neo R fragments and very few or even single retroviral vector integrations (not shown). We obtained retroviral insertions of different sizes up to >12.5 kb without any preference (Fig. 1B) . The mean size of 25 cloned fragments was ∼5.3 kb, which corresponds quite well with the expected size of 4.6 kb that is determined by the restriction enzyme used. However, the high sensitivity of the selection protocol required extreme care to avoid contamination. Sequencing with LTR-specific primers (not shown) and our blotting analysis showed that ∼50% of the proviral flanking fragments contained Alu sequences (Fig. 1C) . These repeats are found in introns of most protein-coding genes (12) . Three out of 25 flanking fragments had homology to expressed sequence tags (ESTs), whereas the majority had occurred into unknown genomic sequences. The only integration of mutant 15/3 had occurred into the cyclin D2 promoter region ( Fig. 2A) in the 5′→3′ direction. In analogy, a common viral integration site (Vin-1), but in an inverse orientation, was found in T cell leukemia in mice (13, 14) , and is associated with an increased tumor incidence (15) . Whereas this virus integration has led to an increase of the 6 kb cyclin D2 transcript level, two additional in part alternatively spliced transcripts of ∼3.8 and >7.5 kb appeared in mutant 15/3 (Fig. 2B ). This suggests that the retroviral enhancer activated transcription both from the normal and the viral promoter. Indeed, we detected a cyclin D2 mRNA driven by the retroviral 5′ LTR (not shown). We did not detect any further integration into this gene in other cell mutants. We found, however, an increased expression in response to growth-factor starvation and increased expression in other randomly chosen TF-1 cell mutants (Fig. 2B) . This finding suggests that, irrespective of the cause, high endogenous as well as high ectopic cyclin D2 expression accelerates the cell cycle progression in these myeloid progenitor cells (not shown), which may be one prerequisite but obviously not the only genetic or epigenetic modification involved in growth factor-dependency.
In summary, the kanamycin resistance gene complementation technique may be applied in conjunction with various gene transfer vectors containing neo R . This strategy for the rapid and convenient cloning of unknown flanking regions of transgenic DNA represents an efficient alternative for existing approaches based on phage λ cloning (2) or replicon rescue (16, 17) . It allows detailed molecular genetic analysis involving blotting techniques and exon trapping (18, data not shown) and could therefore be used for mapping genomes and for the cloning of tagged genes.
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